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CLAIMS 



[Claim(s)] 

[Claim 1] Semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
which has a microcomputer in which nonvolatile memory which constituted a memory cell from MISFET 
equipped with the floating gate and the Control gate, and an A/D converter were formed on the same 
semiconductor chip, and is characterized by constituting a resistance element of said A/D converter from a film 
of the same material as said pad layer while preparing a pad layer between the data lines connected to a 
semiconductor region and this semiconductor region of said MISFET. 

[Claim 2] Semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
which has a microcomputer in which nonvolatile memory which constituted a memory cell from MISFET 
equipped with the floating gate and the control gate, and an A/D converter were formed on the same 
semiconductor chip, and is characterized by constituting a resistance element of said A/D converter from said 
polycrystalline silicon film while preparing a pad layer which consists of a polycrystalline silicon film between the 
data lines connected to a semiconductor region and this semiconductor region of said MISFET. 
[Claim 3] Semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
which has a microcomputer in which nonvolatile memory which constituted a memory cell from MISFET 
equipped with the floating gate and the control gate, and an A/D converter were formed on the same 
semiconductor chip, and is characterized by constituting a resistance element of said A/D converter from said 
polycrystalline silicon film while forming the sub data line which consists of a polycrystalline silicon film between 
the data lines connected to a semiconductor region and this semiconductor region of said MISFET. 
[Claim 4] It is semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
according to claim 1, 2, or 3, and is characterized by said nonvolatile memory being a flash memory. 
[Claim 5] A manufacture method of semiconductor integrated circuit equipment of having a microcomputer in 
which nonvolatile memory which constituted a memory cell from MISFET equipped with the floating gate and 
the control gate which are characterized by providing the following, and an A/D converter were formed on the 
same semiconductor chip A production process which forms a pad layer connected to a semiconductor region 
of said MISFET by carrying out patterning of the polycrystalline silicon film deposited on the upper layer of said 
MISFET, and a resistance element of said A/D converter A production process which forms the data line 
connected to a semiconductor region of said MISFET through said pad layer by carrying out patterning of the 
electric conduction film deposited on the upper layer of said polycrystalline silicon film 

[Claim 6] A manufacture method of semiconductor integrated circuit equipment of having a microcomputer in 
which nonvolatile memory which constituted a memory cell from MISFET equipped with the floating gate and 
the control gate which are characterized by providing the following, and an A/D converter were formed on the 
same semiconductor chip A production process which forms a resistance element of the sub data line 
connected to a semiconductor region of said MISFET by carrying out patterning of the polycrystalline silicon 
film deposited on the upper layer of said MISFET, and said A/D converter A production process which forms 
the data line connected to a semiconductor region of said MISFET through said sub data line by carrying out 
patterning of the electric conduction film deposited on the upper layer of said polycrystalline silicon film 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is applied to the semiconductor integrated 
circuit equipment which has the microcomputer which formed especially the nonvolatile memory (flash 
memory) and the A/D converter in which writing and elimination are possible on the same semiconductor 
chip electrically about semiconductor integrated circuit equipment and its manufacturing technology, and 
relates to effective technology. 
[0002] 

[Description of the Prior Art] A microcomputer forms functional block, such as CPU (Central Processing 
Unit), RAM (Random Access Memory), ROM (Read Only Memory), an analog / digital (A/D) converter, and 
the I/O section (I/O), on 1 chip. 

[0003] In recent years, the flash memory which can perform writing and elimination electrically is used for 
ROM built in this kind of microcomputer. The flash memory constitutes the memory cell from MISFET 
which usually consisted of the source and the drain field which were formed in the semiconductor 
substrate, the 1st gate insulator layer (tunnel oxide film) which consists of silicon oxide of about 10nm of 
thickness, the floating gate which consists of polycrystalline silicon, a 2nd gate insulator layer which 
consists of a silicon oxide film / a silicon nitride film (or a silicon oxide film / silicon nitride film / silicon 
oxide film), and the control gate (word line) which consists of a polycide film (a tungsten silicide film / 
polycrystalline silicon film). Moreover, the data line of aluminum is connected to the drain field of this 
MISFET. 

[0004] In addition, about the microcomputer which contained the flash memory, JP.7-147389.A etc. has a 

publication, for example. 

[0005] 

[Problem(s) to be Solved by the Invention] this invention person examined the manufacture process of the 
microcomputer which contains the above flash memories. The outline is as follows. 
[0006] Since a microcomputer forms much functional block, such as CPU, RAM, ROM, and an A/D 
converter, on the same semiconductor chip, it needs to communalize the manufacturing process of the 
element which constitutes each functional block, and needs to aim at reduction in a routing counter. 
[0007] For example, although a resistance element (ladder resistance) and a capacitative element are used 
for the circuit of an A/D converter, it is formed at the same production process using the conductive layer 
(polycrystalline silicon film) as the floating gate of a flash memory with the same lower electrode of this 
resistance element and a capacitative element. Moreover, the up electrode of a capacitative element is 
formed at the same production process using the same conductive layer (polycide film) as the control gate 
of a flash memory. Furthermore, the dielectric film of a capacitative element is formed at the same 
production process using the 2nd gate insulator layers (a silicon oxide film / silicon nitride film / silicon 
oxide film) of a flash memory. , - 

[0008] In this case, since the impurity (Lynn or arsenic) of tales doses is doped by the polycrystalline 
silicon film which constitutes the resistance element of an A/D converter, and floating of a flash memory, 
the sheet resistance of a resistance element becomes the same as the sheet resistance of floating. That is, 
in order to optimize the sheet resistance of the resistance element of an A/D converter, when the impurity 



of the specified quantity is doped on a polycrystalline gilicon.film, the polycrystalline silicon film of this 
sheet resistance must be used for floating of a flash memory. 

[0009] However, according to examination of this invention person, the problems following in this case arise. 
{0010] (1) If the amount of dopes of the impurity in a polycrystalline silicon film (Lynn or arsenic) increases, 
elimination dispersion of a flash memory will become large and reliability will fall. Moreover, as a result of 
the thickness of the silicon oxide film which is a part of 2nd gate insulator layer of a flash memory 
becoming thick by accelerating oxidation and the capacity between the control gate / floating gate falling, 
writing / elimination property deteriorates. 

[0011] (2) Moreover, with this, since the electric field which the surface of the floating gate will depletion- 
ize conversely at the time of writing and elimination, and will be impressed to it at the 1st gate insulator 
layer (tunnel oxide film) if the amount of dopes of an impurity (Lynn or arsenic) decreases conversely fall, 
writing / elimination property deteriorates. 

[0012] The purpose of this invention is to offer the technology which can optimize each high impurity 
concentration of the conductive layer of the element (MISFET) which constitutes a flash memory, and the 
conductive layer of the element (resistance element) which constitutes an A/D converter, without 
increasing the number of manufacturing processes of the microcomputer having a flash memory and an 
A/D converter. 

[0013] The other purposes and the new feature will become clear from description and the accompanying 

drawing of this specification along [ said ] this invention. 

[0014] 

[Means for Solving the Problem] It will be as follows if an outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0015] Semiconductor integrated circuit equipment of this invention has a microcomputer in which 
nonvolatile memory which constituted a memory cell from MISFET equipped with the floating gate and the 
control gate, and an A/D converter were formed on the same semiconductor chip, and it constitutes a 
resistance element of said A/D converter from said polycrystalline silicon film while it prepares a pad layer 
which consists of a polycrystalline silicon film between the data lines connected to a semiconductor region 
and this semiconductor region of said MISFET. 

[0016] Semiconductor integrated circuit equipment of this invention has a microcomputer in which 
nonvolatile memory which constituted a memory cell from MISFET equipped with the floating gate and the 
control gate, and an A/D converter were formed on the same semiconductor chip, and it constitutes a 
resistance element of said A/D converter from said polycrystalline silicon film while it forms the sub data 
line which consists of a polycrystalline silicon film between the data lines connected to a semiconductor 
region and this semiconductor region of said MISFET. 

[0017] Nonvolatile memory which constituted a memory cell from MISFET which a manufacture method of 
semiconductor integrated circuit equipment of this invention equipped with the floating gate and the 
control gate, By having a microcomputer in which an A/D converter was formed on the same 
semiconductor chip, and carrying out patterning of the polycrystalline silicon film deposited on the upper 
layer of said MISFET By carrying out patterning of the electric conduction film deposited on the upper 
layer of said polycrystalline silicon film to a production process which forms a pad layer connected to a 
semiconductor region of said MISFET, arid a resistance element of said A/D converter A production 
process which forms the data line connected to a semiconductor region of said MISFET through said pad 
layer is included. 

[0018] Nonvolatile memory which constituted a memory cell from MISFET which a manufacture method of 
semiconductor integrated circuit equipment of this invention equipped with the floating gate and the 
control gate, By having a microcomputer in which an A/D converter was formed on the same 
semiconductor chip, and carrying out patterning of the polycrystalline silicon film deposited on the upper 
layer of said MISFET By carrying out patterning of the electric conduction film deposited on the upper 
layer of said polycrystalline silicon film to a production process which forms a resistance element of the 
sub data line connected to a semiconductor region of said MISFET, and said A/D converter A production 



process which forms the data line connected to a semiconductor region of said MISFET through said sub 

data line is included. 

[0019] 

'[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to details 
based on a drawing. In addition, what has the same function in the complete diagram for explaining the 
gestalt of operation attaches the same sign, and explanation of the repeat is omitted. 

[0020] (Gestalt 1 of operation) Drawing 1 is the block diagram showing the microcomputer of the gestalt of 
this operation. This microcomputer contains CPU, RAM, ROM, a serial communication interface (SCI), a 
timer (TIMER), an A/D converter (A/D), and the I/O section (I/O) as an example. 

[0021] CPU is operation part and includes various registers and control circuits for an operation in the 
interior. ROM containing the flash memory of this example is used in order to memorize a program and 
dictionary data. Since the data in the middle of an operation is stored temporarily, RAM is used. These 
[ CPU, ROM, RAM, and SCI ] ( TIMER, A/D, and I/O are mutually connected through BUS. BUS consists of 
a data bus, an address bus, and a control bus. 

[0022] Next, the manufacture method of of the flash memory and A/D converter which were built in this 
microcomputer is explained using drawing 2 - drawing 14 . 

[0023] first, it is shown in drawing 2 — as — the principal plane top of the semiconductor substrate 1 of p 
mold — LOCOS — after forming the field oxide 2 for isolation by law (selective oxidation method), the gate 
insulator layer 3 of silicon oxide is formed on the principal plane of the active field surrounded by this field 
oxide 2. 

[0024] Next, by carrying out patterning of this polycrystalline silicon film 4 by etching which used the 
photoresist as the mask, after depositing the polycrystalline silicon film 4 of n mold with a CVD method on 
the semiconductor substrate 1, as shown in drawing 3 As shown in drawing 4 , while forming floating-gate 
4A of MISFET in the memory cell formation field (left end of drawing) of a flash memory, lower electrode 
4B of the capacitative element which constitutes a part of circuit of an A/D converter is formed in an 
A/D-converter formation field (right-hand side of drawing). In order to optimize the sheet resistance of 
floating-gate 4A, about [ 1x1 020cm - ] three Lynn (or arsenic) is doped by this polycrystalline silicon film 4. 
[0025] Next, as shown in drawing 5 , an insulator layer 5 is deposited on the semiconductor substrate 1. 
This insulator layer 5 consists of bilayer films which deposited the silicon nitride film with the CVD method 
on the silicon oxide film deposited with the CVD method. Or it may oxidize further and the surface of this 
silicon nitride film may consist of three layer membranes of a silicon oxide film / silicon nitride film / silicon 
oxide film. 

[0026] Next, as shown in drawing 6 , while forming 2nd gate insulator layer 5A on floating-gate 4A of said 
MISFET by carrying out patterning of the above-mentioned insulator layer 5 by etching which used the 
photoresist as the mask, capacity insulator layer 5B is formed on lower electrode 4B of said capacitative 
element. 

[0027] Next, as shown in drawing 7 , the polycide film 6 is deposited with a CVD method on the 
semiconductor substrate 1. This polycide film 6 consists of bilayer films of a polycrystalline silicon film and 
a tungsten silicide film. 

[0028] Next, as shown in drawing 8 , control gate 6A (word line) of MISFET is formed by the polycide film 6 
by etching which used the photoresist as the mask the above-mentioned polycide film 6, its lower layer 
said 2nd gate insulator layer 5A, and by carrying out patterning (pile end) of said the lower layer floating- 
gate 4A further. High-speed operation can be planned by constituting control gate 6A (word line) from a 
polycrystalline silicon film by the polycide film 6 of low resistance. 

[0029] Next, as shown in drawing 9 , while forming up electrode 6B on capacity insulator layer 5B of said 
capacitative element by carrying out patterning of said polycide film 6 which remained in fields other than 
the memory cell formation field of a flash memory by etching which used the photoresist as the mask, gate 
electrode 6C of MISFET which constitutes the circuit of functional block other than a flash memory is 
formed. 

[0030] Next, as shown in drawing 10 ( the semiconductor region (the source, drain field) 8 of MISFET which 



* "constitutes the semiconductor region (the source, drajn fielcO 7 of MISFET of a flash memory and the 
circuit of functional block other than a flash memory is formed by carrying out the ion implantation of the n 
mold impurity (Lynn) to the semiconductor substrate 1 . 

10031] Next, as shown in drawing 1 1 , after depositing the insulator layers 9, such as a silicon oxide film (or 
silicon nitride film), with a CVD method on the semiconductor substrate 1, the gate insulator layer 3 and 
insulator layer 9 on one semiconductor region 7 of MISFET of a flash memory are etched, and the 
connection hole 10 is formed. 

[0032] Next, while forming pad layer 1 1 A connected to the semiconductor region 7 of MISFET of a flash 
memory through said connection hole 10 as by carrying out patterning of this polycrystalline silicon film 1 1 
by etching which used the photoresist as the mask shows to drawing 13 after depositing the polycrystalline 
silicon film 1 1 of n mold with a CVD method on the semiconductor substrate 1 as shown in drawing 1 2 , 
resistance element (ladder resistance) 11B which constitutes a part of circuit of an A/D converter is 
formed. In order to optimize the sheet resistance of resistance element 1 1B, about [ 4x1 020cm - ] three 
Lynn (or arsenic) is doped by the polycrystalline silicon film 11. 

[0033] Next, as shown in drawing 14 , after depositing the interlayer insulation films 12, such as a silicon 
oxide film, with a CVD method on the semiconductor substrate 1 and, forming the connection holes 13-18 
subsequently to this interlayer insulation film 12, data-line DL and wiring 19-23 are formed by carrying out 
patterning of the aluminum film deposited by the sputtering method on the interlayer insulation film 12. 
Then, the passivation film 24 which consists of a cascade screen of a silicon oxide film and a silicon nitride 
film etc. is deposited on the surface of the semiconductor substrate 1. 

[0034] Since each sheet resistance of floating-gate 4A and resistance element 1 1 B can be optimized by 
forming floating-gate 4A of MISFET, and resistance element 1 1B of an A/D converter by different electric 
conduction film according to the gestalt of this operation which consists of the above configuration, the 
microcomputer which has the flash memory a working speed and whose reliability improved, and the A/D 
converter whose A/D-conversion precision improved is realizable. 

[0035] Moreover, since the mask alignment additional coverage of the connection hole which connects 
data-line DL and a semiconductor region 7 by forming pad layer 1 1 A on the semiconductor region 7 of 
MISFET of a flash memory can be abolished according to the gestalt of this operation, MISFET of a flash 
memory can be made detailed and high integration of a flash memory can be realized. 
[0036] Moreover, since resistance element 1 1 B of an A/D converter is formed in coincidence at the 
production process which forms pad layer 1 1 A connected to the semiconductor region 7 of MISFET of a 
flash memory according to the gestalt of this operation, the number of manufacturing processes of a 
microcomputer does not increase. 

[0037] (Gestalt 2 of operation) A flash memory may form the sub data line of polycrystalline silicon in the 
lower layer of the data line of aluminum, in order to rewrite data by Fowler Nordheim (Fowler-Nordoheim) 
tunnel current. In such a case, each sheet resistance of the floating gate of MISFET of a flash memory and 
the resistance element of an A/D converter can be optimized, without making the number of manufacturing 
processes of a microcomputer increase by forming the resistance element of an A/D converter in 
coincidence at the production process which forms the sub data line. 

[0038] In order to form the sub data line and a resistance element, as first shown in drawing 15 , the 
polycrystalline silicon film 25, of n mold is deposited with a CVD method on the semiconductor substrate 1. 
The production process which deposits this polycrystalline silicon film 25 is the same as the production 
process which deposits the polycrystalline silicon film 11 which constitutes pad layer 11A of the gestalt 1 
of said operation. 

[0039] Next, by carrying out patterning of the above-mentioned polycrystalline silicon film 25 by etching 
which used the photoresist as the mask, as shown in drawing 1 6 , the sub data line dl connected to the 
semiconductor region 7 of MISFET of a flash memory and resistance element 25B of an A/D converter are 
formed. In order to optimize the sheet resistance of resistance element 25B, about [ 4x1 020cm - ] three 
Lynn (or arsenic) is doped by the polycrystalline silicon film 25. 

[0040] As mentioned above, although invention made by this invention person was concretely explained 



-based on the gestalt of operation, it cannot be overemphasized that it can change variously in the range 
which this invention is not limited to the gestalt of said operation, and does not deviate from the summary. 
[0041] Although the gestalt of said operation explained the case where ROM built in a microcomputer was 
"constituted from a flash memory, it can apply, also when it constitutes this ROM from EPROM and 
EEPROM which have the floating gate and the control gate. 
[0042] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention 
indicated by this application is explained briefly. 

[0043] Since each sheet resistance of the floating gate of MISFET which constitutes ROM, and the 
resistance element of an A/D converter can be optimized according to this invention, the microcomputer 
which has ROM a working speed and whose reliability improved, and the A/D converter whose A/D- 
conversion precision improved is realizable. 

[0044] And according to this invention, the above-mentioned effect can be acquired, without making the 
number of manufacturing processes of a microcomputer increase. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the whole microcomputer configuration which is the gestalt 1 of 
operation of this invention. 

[Drawing 2] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 3] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 4] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 5] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 6] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 7] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 8] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 9] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 10] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 11] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 12] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 13] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 14] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 1 of operation of this invention is shown. 
[Drawing 15] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 2 of operation of this invention is shown. 
[Drawing 16] It is the important section cross section of the semiconductor substrate in which the 
manufacture method of the microcomputer which is the gestalt 2 of operation of this invention is shown. 
[Description of Notations] 

1 Semiconductor Substrate 

2 Field Oxide 

3 Gate Insulator Layer 

4 Polycrystalline Silicon Film 
4A Floating gate 

4B Lower electrode 



'5 Insulator Layer 
5A The 2nd gate insulator layer 
5B Capacity insulator layer 
"6 Polycide Film 
6A Control gate (word line) 
6B Up electrode 
6C Gate electrode 

7 Semiconductor Region (Source, Drain Field) 

8 Semiconductor Region (Source, Drain Field) 

9 Insulator Layer 

10 Connection Hole 

1 1 Polycrystalline Silicon Film 
11A Pad layer 

11B Resistance element 

12 Interlayer Insulation Film 
13-18 Connection hole 

1 9-23 Connection hole 

24 Passivation Film 

25 Polycrystalline Silicon Film 
25B Resistance element 

DL Data line 
dl Sub data line 
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v V £ 1 y f± K b ft fe © T afe -5 . 

[0 0 0 3] itt^, ^0l.OV^^D3>tfa- ^fcft 
jUSn^ROMfrte. m5CMtcSii**J:^S*SrfT5 
Ii0tt5777->a^ ; t l J^ttffl$nt^2>. 7^ 

KU-f'Xfitft. K»l 0nmSfll©»fl:->U3>*»6& 
<5SB1^->»«R (h>*;M*fl2lR> t. *JSS^-'J 
a>*6ft57n-7-f>^-hi:. Ifc->'J3>R 

• /aft -> u 3 >8R (& * w*R<b v u 3 >«/a<b>' u 

£, # 'J IMF IS (?>^f>-> l Jlf-f 
yij3>i) *5&53>hn-W-h ("7— Ktt) 
ttS^nfcMI SFETT^tUtMiEEl/T^ 
•So Sfc, iOMISFETOHH>I»:ll Al 

[0 0 0 4] &*5, 7^yS'3.;*^y£l*Ij8tbfcV-f t? 
P3>tf^-^[COHT«. WttfWBB 3 ?? - 14 7 3 
8 9^&«fc£fcfi2ljW**<5. 

[0 0 0 5]. 

[0 0 0 6] V-f i7Pn>tf3. — ^tt. CPU, RA 
M. ROM. A/D*«»fc££^-3fc*<©*1S6:/n 

[0 0 0 7 ] WAtfA/DaEftffiClHlKHttffifii*^ 
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3 

- [0 (TO- 8 ]-•;:©*§£■;- A/D^§ff©gJx^i7 5 

?5'a/iU07D-f-f >^££$/rf-5iM&iI,->y 

sn?>0-r. &k^©->- estate:? p-tV 

[0 0 0 9] L*»U #3S9J#©tftf*K«J:ntf. £©* 
£fc tt*o J; 5 fclHB}&«± C *. 

[0010] (1) #jeffl^'j3>tt*©3FM4fe ('J> 
Sfc«t^) CDF — 7"i^<&5t. 77-r/i^ 

'J©iB*tfSt?Stf«*€r<&D, «*tt>MSTta. * 
Jfc. 75y^:i*^y©JS2y— hlfi»ft©--fflTa3 

[0 0 11] (2) ;nn ^tffti (U> 

[0 0 12] *^iCDIWIl 777->a«UtA/ 

D*«».tSrtJ)5-r*v-f ^na>tTi-^o»ifilS 
(MISFET) ©5»«HtA/D*«»*«eK-r** 

. (Stt*^) ©*«»©*nieti©**fi«»ft«*ai 

{fTS n £:©-?**&*&»«-$-* :<t(:*5. 

[0 0 13] #56W©i»E&Sm:-*-©te©B«a:ST« 
fcW»tt. #9Mffl»©Ei£*«fctf *#Hffi#» S« 

[0 0 14] 

^©ti30T*^>. 
[0 0 15] *^93©**ff*l«[HlSSSM«, 7D-f 
-f >^y- h&cfctfP > h U-)W- h &ff*.fcM I S 

©¥#f*fi^fc«tt;3m*^-*«£©rafc:*i8a->y 



(3) 

4 

««©«tt#ip£ii&e£iga->y a >WT«usbfct>© 

[0 0 16] *%9§©¥*tt*ttg»&£Btt. 7n-f 

FETT*^yi»;U£«jSLfc*#58tt**y£, A/ 

>t!a-^^L, WIIBMI SFET©*»flsfH«t^ 
■-©i|i##««C«tt3n-*5 i -^*i:©MK*ISJi5' 1 J ' 

fc©T-&&„ 

[0017] #f8W©¥«ft:»ffl0S&gB©$ai§*ft 

HitfcMI SFETT^ty-fc^H&ttriEL/fcWaStt^ 
^E'Ji, A/DSESISiiSn-^JWff^s/^KJBiSU 
fcv-f ^Dn>tfi-^$WL> WfBM I SFET©± 

g^jftffibfc#ss^->y 3 >n^/^-n>//r^ i t 
\z£o, mmui sFET(D¥mfcmmzt%mznz>^ 

st. i»SE*iga->y3>«©±incitabfc*«i!& 

IBM I SFET©^»#®«t3g|g$n.5x— 

[0018] *mw<D¥mfcMmmv&mwv>$iikJjm 

t'Ji. A/DSESMBt^PI-^flE^y^iKJgriEU 

fn^>¥a. — ?&mL. HtffBM I SFET©± 

30 mizmrnvtc^^y) n n t 

K«fc0. ffiEM I SFET©2pWfr««t:»«an*-y- 

^x-^tt^itfWEA/D^fjifficfittsR^sHJrit-r 

4lit. Mia*ISii->ya>lll©±lit:it«Ufc»* 

7>LTmffBM I S F E T©^^#fi§^(;ijS^i£tl<5'ir— 
9 J&f&T & IS b. £#tr t> © T» -5. 
[0 0 19] 

mwv>mme>Mm] «t, *aw©^*©»*sHBB 

« sfc*©^HK:*v»Tra-«ffi**r-r*t>©tti^-©w 
*t£#u ■*©i*9SL©«9iW:'gi&-ra. 
[0020] mmvmm d bki #&»©#»© 

i?Pr3>tf3. — ^Sr^f ^Py^STSa. £©V 
-f^PnX^ji-^te, -^JibTCPU, R AM. R 
OM, y'J7i^Sa-^— >a H>^-7i-fX 
(SCI) . ^-fV (TIMER) . A/D&*m (A 

/d> $>&zfixMt>i$ (i/o) *F»gj*bT^*. 
[0021] cpu«?a©gBT*o. -t©rtfflfcaw¥© 

so ««J©7 7 7 '/a ^ €'J 5:^ A;fc*R OMil ^P^^Afc 
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£tfS*«x-*£E1tbT:fc<£#lr®ffl3n-5. RA 

$n-5. inecpu, rom> ram, sci, ti 

MER. A/D^i^I/OH BUSSr^LTfflSlC 
SSttSftTH*. BUSH ?—9r\7^ 7YV7*K% 

[0 0 2 2] cwv-r^ na>tfo.— ^icfiS^ 

02-^hi •4*fflvsTSiW'ra-.- --• - ■ 

[0 0 2 3] *"f. H2t:*-r«fc'5K:. -pSlO^ilW** 
Si©^M±{cLOCOSi* (SKR{tft) -ctt&m 

2 T ffl S nfc 7 * © ± »fc U 

[0 0 2 4] a 3 ¥*#a^si± 

K C V D n ffl©*ISil -> 'J 3 >«t 4 **|t«[ t - 
7* hl/yX h£VX^Kb7cI>y?>^-C£©#*Sil 

©£$§§) CMISFET©7D-f-f>i'y-h4A4 

A/D£iM&©iai&©— fflSttJfcTSgaSfc^WTBWB 
S4B£MtS. ^<D#^ffi->U3>K4(r«, 7D. 

>^y— h 4 AOS'- MfflK£*iM;"rs&«>' 
K, 1X1 o20 c g-3gg©'J > (Sfctttiti) ^*H-y 

[0 0 2 51 *1:, B5fcjrr«fc3fc, ¥»*36*l± 

kis»k 5 zammmsiz. cvDm-rm 

mvrzmtzs u 3 >«U:k cvd^Mv u n >K£ 

[0 0 2 6] 7* hl/v 5 * NSrVy^fcbfcXy 

^■>^T±Ett»Bi 5 S/'^i'— — >^-r* H £ «t 0 > 
06{C^-r^-5tC h9I3M I S FETCD7P— J- A 1/9 
f— h 4 A±fCfg 2 y- h*fc»Ji 5 ASrJgJ&T 3 
fc, HufB^*iS^©T^«ffi4B±tC^»*giB:l8l5B£ 

[0 0 2 7] 3fctc, H7K:*-r«k5fc:. 1± 
KCVDfeT^'JU-'f FR6€riiSrr*. £©#U1M 

[0 0 2 8] *lC. 0 8 iC^-T^olCv 7# hlyvX h 
m^Cl/fcly ^ >y*T±tB# U IM KB* 6 . -t© 
T»OfflrE*2y->tt»l»5A, 3 &.K-t©TJi©i8 
E7n— 5r-f >^-h4ASr/1^-->^ (fi&tjJ 
0) TSJlfcfc.fcD. #U-3"'f HR6TfM I SFET© 
.3>hD— h6A (7— K«) a > 

ha-;Uv-*-h6A <7-K») LISAS' U 3 >K«fc 



(4) 

<? 

[0 0 2 9] H9Kl*-r«fc'5K. 75?^^ 

>j © * * u -fejuKritifiweimcDfls* KSt> fc«»E# u -s- 

K5B±K±(B*fl|6-B*»riS"rftfc*ct, 77?'>a 
^ ; E<J^©^^P^^CD[HlS&&«lfi£;T-5M I SFE 
- — T©$*— hli6' e«#J*-r*.- - ~ 
io [0 0 3 0] 010 KSTJ: 5 fc. 1 

7 5»->i^ l J©MISFETOJHf#jB« (y-X, 
h*|y-f>M*£) 7 43j:^7 7>y->i^ ; e , J^©^^' 
□ y^O|Hll6S«lriE"r*MI SFET©*i^IH (V 

[0 0 3 1] 011 fc*i-«k 513, 1 

' -K) fc£©««K9**Bll/fc«, 77r>a«'J© 
M I S F E T ©— 7j ©*##fii*7 ±©y— HUfiftK 3 

So 

[0 0 3 2] 012 K^J; 5 K, 1 

JiKCVDjfeT?nS!0!)*filfl^U3>«l 
«, 7* hUi?^ hS77i?l:Lfcx«vf >^T?C©# 
«Sfl^U3>Wl 1 $r/1^-x>y"r?>Cl<h»rJ;»3, 0 
13{C^T<k-5H, MfE««ai0*ICT775'J'a 
^t'J ©M I SFET©#»#i«7l:tS^n5A7 
HIllA5MntW:> A/D^$I^©[hI8§©— 

30 #Ui;>U3>gl 1CB. JgtfLSit^l lBOy- 
hJg#E£Sjl{t-f -5 tctblz. 4X 1 0 20 CID -3gg© >J > 

[0 0 3 3] Hi4fc*-r«k5fc. 1 
1KCVD ffiTggfb -> U 3 >Rfe £* ©H ffl%&mm l 2 - S 
*tt«t, ^TTiOWISIilWiRl 2\Z&mV \ 3~1 8 
*#JS-Lfc«, SPsl^S^l 2±C^y3"J>^ffir 
'mSlbfcA 1 Bt*/'«^-->^f *21tt:«tD, 
^DL*3J;^SB^1 9~2 3&Mf&?Z>. *r<D'&. 

i ©affiKKftv'U 3 >mtmti/ u 3->Kt© 
[0034] «±©*i«3fcsfca*£ffi©»»fc«kri 

tt, M I SFET07n-f^ ytftf — h4AiA/D 
gfcSaJfflKJlF?! 1 B<!:^S7ftS««)«-r^fi)c-r^i 
£(C<t0, 7D-f^y^-N4A, SJiiS^ 1 1 B 

A/D*ift«flE©|6l±bfcA/D*«|gtSW-r* 

V-f ^ D 3 > If a. — ^ <£HSt"-S> i <tA«-e#S. 
so [0 0 3 5] Sfc. *|gJS©»J8CJ:ntf, 775/'/j 
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(5) 

7 

^^r'J<DM I SFET<D^m^i$.7 ±lZ/^y HIl 1 

T£3©T, 77'r>a^ : E l JOMI SFET^lft 

LT7 7'y U ©Jl5£if»{t£3ll§!-f 3 C 

■5. 

[0 0 3 6] *|^igCDJg^CJ;n«, 777->a 

*;E'J<DM I SFET©*^#:fig^7l;:^£tt3/V.y 
- h*«l 1 Afe#ja-r«£6T?HI^A>^*ifc»©ffiSt- • 

1 1 Bs^tscT, v-r i7Dn>tfi— ^©§a io 

[0 0 3 7] mm<DMWi2) y^yS'a.^'JWu 7 
y fy=,— . y;uhVWA(Fowler-Nordoheim) h>^;Utt 
^T-x— ^©S^*_£fT 3 7i A 1 <D"t—5>U<D 
THfc#»fiS'U:3>©tf:/5 i -**SK»**«&a** 

<, 777j/a^ ; E l JOMISFET©7P-T^>y 

y-K A/D*suB©i£ts*^©*n-pn©->-NJ8 20 

[0 0 3 8] ■9-^5 i -^»*«J:)tffifi:* : 5 1 *»J*-rSK: 
tt. SfHl 5K^-TJ:5 fc. ft#Sfil±lcCVD 

ffiTn^©#&llvU :3>lg2 5£*«T3 0 £©^S . 

a->u 3 >i2 5 &mm?z>T.m3.. mmmm<DMm 1 

O/VyKil 1 A£«ri&-r*#M6il5' , J:3>Kl IS* 

[0 0 3 9] ^(C, 7*M/yXh4yXi7llUfcl7 

CtfCcfcO, 0 1 6 tCSc-Tcfc-S 77'r/J^tU© so 
MI S F ETC*i|#iB«7 nstf^f-*'* 
d 1 A/D«»»©ffitt* ; ? 1 2 5BiS»*t*. 
>ISft'»j3>il2 5ttt, jgtt*^ 2 5B©->-hS 
in.&mm{kTZ>rzisb\z. 4X 1 o20 C ir3gft©ij> (S 

■feat*) ^K-^n*. 

[0 0 4 0] £t±. *«W#K±-3T»:Snfc5EMSIS 

. JB©»»fcGIJesn3 , b©Ttt&<, ^©ggSri&Hab 

[0 0 4 1] HUI2^JgO^MTtt, V-f^Pa>l£;i- 40 
5'l:^lItSROMJ777->a^ ; E'JTi^Lfc«^ 
IZ-O^TMWLtctf. C©ROM$:7D-f ^>^'- 
Kt3>hn-;^-RSfT5EPROM-?'EEP 

[0 0 4 2] 

[0 0 4 3 ] *%WiZ£tl\*. ROM^l^fSMI S 
FET07a-f^>^-bi, A/DJjISOfifi so 



8 

CDT. »fPiiK*«J:t«S«(tt*«l6l±UfcROMt. A/ 

d £&**&a>ft± t fc a/d mum t £=rr « v-r $ □ 

[0 0 4 4] l^fc, *»^t:J:n«, V^^Dn^tf 

[Bffi©ffi¥&ffl911 

[H 1 ■]-*5BWOfSJfio®» 1 "PS S v-f - * an >ta 

[0 2] *^BJ®Hffi<D^ffilT*SV-f ^D3>tfn. 
-*©Sjg7j&£^T¥«#»«©ggBli»rm0T&3o 

[03] *»w©sijfio»aBi-p*sT-f ^D3>ea. 

-^©gji7j«£*T¥«#affi©SSB»rW0T;&3o 
[04] *^^©*S6©^i-r?fe-g)V-i , ^a=i>tfi 

-*©«i6#ft£*T¥*#S«K©fiSB»rWHT?»*. 
[05] *ffiW©lllfi©»ffil"e**"7-f^na>b?i 

-^©iSjg7j&£^T¥##X«©^gTOffi0T;g>3o 

[0 6] *mW<D-$m<DMWk\T°$>Z>-?-1 ZuiyV.*. 
-^©»®*»**-r¥#fl£»«©Sffl5«®Hir*S. 

[0 7] ^oiWiirfeWfaaXfj 
-*©«ffi#fc**^¥##S«©B««iIiHT**. 

[08] *«W©mfi©»ffil"C*<5"7'f i7P3>h?n. 
-;*©§? jfi;£&£*T¥#&««©g{$»rffi0-e&3o 

[09] **W©*Jfi©»JBlT**V-f i7P=J>tf3. 
-^©§3jg73fe^^-r¥«^*«©SgE»f®0TS?>„ 

[010] *^B^©|||ig©^lT*fe^V^^Pn>tf 
^ - * ©SSjgTj & £^-f ¥«#S«©S§BI£fffi0T & 

[011] *«M©Hl(S©»iBiT*.*v-f^n3>i; 
j.-*©^#i££^T¥*#S«©B»8riiiBTa 

[012] #$8E©^Jfi©#8i-e*s v"f i/pa>tf 

3. - * © »jB* ft £ ST ©ES&»r ffi HT * 

-So 

[013] #*fl(osaoig«ir»47'f i/pn>tf 
a - * © £ ©SSBifrffi 0T * 

[014] *»E©!£*©»«i-e*a-7-f *n3>t: 

i-*©S^7!j&£^T¥«#»1g©g^WrB0T& 
[015] *58^©^tt©»m2T?»ST-f ^na>t: 

•So 

[01 6] *»M©^K©»aB2T?»*v-f ^D3>h: 
3. - * © Sig75& s avr <DMm m 0 -c &- 

[«F*f©»WJ 
1 

2 7 >r-;PH KflsBt 
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(6) 



3 f- 

4 A 7P-f-f>^'-h 

4 B TSBWffi 

5 mmm 

5 a m2<y-b®mm 

5B &ffi«6ltll 

6 #'j+Kb*B£ 

6A a>hn-M-h C7-H^)- 

6 b ±.ffimm 
6c y-h«® 

8 (7-7., KK>I«) 



/0 



9 JfiftR 

i o stmi 

11 a >H 

1 i a n<> KIB 

1 1 b t&mm^F- 

1 2 mmmmm 

1 3 ~ i 8 mmi 

19-23 »tt?L 
"2 4 /Hy i/3">8 

2 5 >HS>''J3>B! 
2 5 B jgirtiii^ 

DL x-^^ 
d 1 V? 1 ?—. 
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